Reproduction is a resource-demanding period, when trade-offs between investment in immunity versus other functions of an adult organism may exist. This research investigates the potential trade-off between a challenged immune system of a female parent and parental provisioning in free-living Great Tits Parus major and Eurasian Blue Tits Cyanistes caeruleus. In both species, half of females were challenged with sheep red blood cells (SRBC) as an antigen, while the others were injected with phosphate buffer saline (PBS) as a control. Six days later -at the day assumed to be the peak of an immune response in birds treated with SRBC, when nestlings were nine days old -parental feeding rates were recorded. Two days later (and eleven days after hatching), nestling mass and body condition index (BCI) were quantified. SRBC challenge of the female increased feeding rates of Great Tit males and females, but did not change parental provisioning in Eurasian Blue Tits. This may be explained by the different reproductive strategies in these two bird species. Parental provisioning influenced the mass and BCI of offspring. In both species, offspring mass was lower and BCI was higher in the SRBC group than those in the control group. This means that high providers, such as Great Tits with increased feeding rates, do not always raise chicks with high fledgling mass. Parental provisioning is one of the key factors linking reproduction and the immune system.
INTRODUCTION
The immune system is an important defence against parasites and pathogens but requires resources that hosts may also use in other life-history traits (Stearns, 1992) . Thus, trade-offs between investment in immunity versus other functions of an organism may exist (Ahmed et al., 2002; Kerr et al., 2010; Simmons, 2012; McNamara, et al., 2013) , especially during resource-demanding periods such as the breeding season. Reproduction is one of the most important functions of an organism (Trivers, 1972; Partridge and Harvey, 1988; Jacobsen et al., 1995) , but can be very costly (Lochmiller and Deerenberg, 2000) . The availability of resources needed for reproduction and immunity is limited, so natural selection leads to resource allocation between these life-history traits (Williams, 1966; Stearns, 1976) .
Reproductive effort manifests itself differently in each sex of parents, and females usually invest more resources than males (Møller and Birkhead, 1993; Schwagmeyer et al., 1999; Cockburn, 2006) . Each parent's investment depends on his partner's reproductive effort (Stearns and Hoekstra, 2000) . Adults are in conflict with their partners, who would prefer a greater level of effort from them (Hinde and Kilner, 2007) . Pairs sharing a co-operative interest in offspring survival may also be in conflict over their relative investments (Takahashi et al., 2017) . On the other hand, 90% of adult bird species exhibit bi-parental care (Cockburn, 2006) , because synergy which is gained from the two-gender care eliminates conflict between sexes (Kokko and Johnstone, 2002) . Parental synergy may be beneficial for the chicks' condition (Vermeulen et al., 2016) , but parents in conflict raise their young together to reduce investment in care with negative consequences for offspring (Johnstone et al., 2014) . There is a need to assess what role, if any, sex-related investments have in the trade-off between immunity and reproduction (CaleroRiestra and García, 2016) . Our knowledge of the parental synergy and conflict will benefit from experimental research designed to understand behavioural interactions between male and female parents (Székely, 2014) .
Theoretical models of bi-parental care predict that a change in work rate by one parent should be met by incomplete compensation by its partner (Hinde, 2006) . Empirical research confirms the phenomenon of parental compensation (Kokko and Johnstone, 2002; Giudici et al., 2010; Ramirez et al., 2010) . However, studies have shown a range of reactions: from no compensation to overcompensation (Sanz et al., 2000; Stearns and Hoekstra, 2000; Royle et al., 2002; Osorno and Székely, 2004; Hinde, 2006; Griggio and Pilastro, 2007) . This can be explained by the fact that in some species males care more; in other species females care more; whilst in other species the contribution of the sexes is equal. We do not know what explains these differences between species (Remeš et al., 2015) . There is a need to investigate the investment of adult birds of both sexes in reproduction in the context of differences between species.
In Great Tits Parus major and Eurasian Blue Tits Cyanistes caeruleus -researched in this study -both parents take care of offspring (Giudici et al., 2010; Ramírez et al., 2010; Sonerud et al., 2013) . Although these two species have a similar breeding ecology and rates of extrapair paternity, they differ in two aspects of reproductive strategy that may have an impact on their investment. Eurasian Blue Tits are facultatively polygynous and have a short breeding season with almost no second broods, whereas Great Tits are monogamous and often raise second broods. Great Tit males continue singing during the incubation period, while Eurasian Blue Tit males reduce singing activity after the first days of egg laying by the female (Amrhein et al., 2008) . Consistent with models, according to which parental co-operation decreases with the intensity of sexual selection (Remeš et al., 2015) , we can expect differences in parental synergy between these two bird species. We can predict greater investment in offspring in Great Tits than in Eurasian Blue Tits, because adult Eurasian Blue Tits are less engaged in their breeding attempt, since they may join with another partner. On the other hand, Great Tits may also invest little in their chicks, as they have another brood in the same year.
The condition of offspring vary with parental provisioning -in Eurasian Blue Tits, chicks reach their lowest mass with low providing parents, but are heaviest when raised by high providers (Lucass et al., 2016) . Some studies indicate the possibility of adult's compensation for its partner's costs associated with feeding rate. Exposure of Great Tit females to bacterial lipopolysaccharides (LPS) decreases female feeding rates. Males compensate for this change and nestling body mass is not affected by the maternal challenge (Vermeulen et al., 2016) . Also in Great Tits, increased nest temperature affects nestling mass, as heated nestlings are lighter than controls on day 15, because females reduce brooding time after treatment. Heated males increase their feeding rate in comparison with control males. In this way, fledgling success is not altered by the experimental treatment (Rodríguez and Barba, 2016) . In Eurasian Blue Tits, females invest more in provisioning effort early in the nestling period (chicks 7 days old) in comparison with a later period (chicks 10 to 13 days old) when males feed young at a higher rate. Thus, parents complement each other when taking the lead role in nestling provisioning (García-Navas et al., 2012) . Other work shows no intersexual difference in parental feeding rates by which Eurasian Blue Tits respond to the short-term manipulations of brood size (García-Navas and Sanz, 2010) . Great Tit males and females also respond similarly to brood size manipulation and playback of chicks' begging calls (Hinde and Kilner, 2007) .
In this study, I investigate the potential trade-off between the challenged immune system of a female and parental reproductive investment (here, in terms of provisioning) in Great Tits and Eurasian Blue Tits. The following hypotheses are tested: (1) Nestling body condition index (BCI)/mass depends on parental provisioning; (2) The immune challenge of a female impacts on parental feeding rates; (3a) Potentially changed parental provisioning after experimental treatment decreases nestling BCI/mass, or (3b) nestling BCI/mass remains unchanged according to the synergy of parents or compensation of a male parent; and (4) Parental behaviour and potential change in BCI/mass of chicks differs between the two researched bird species.
METHODS

Study area
This research was conducted on populations of Great Tits Parus major and Eurasian Blue Tits Cyanistes caeruleus inhabiting nest boxes. The study area was located in Krzyszkowice Forest (between Kraków and Wieliczka, south Poland), with a total area of 54.17 ha. This deciduous woodland is dominated by Hornbeam Carpinus betulus, oaks Quercus robur and Q. petrea, Small-leaved Lime Tilia cordata and European Beech Fagus sylvatica. The forest is 'heterogeneous', as it contains older and younger patches of oak-hornbeam over the small area, and due to the fact that oak-hornbeam gradually turns into a mixed forest with Silver Birch Betula pendula and Scots Pine Pinus sylvestris. At the turn of February and March in 2012, 170 new wooden nest boxes were hung on trees, about 2 m above the ground. Neighbouring boxes were 40-50 m apart. The diameter of each nest box inlet was 33 mm, the nest box outside height was 34 cm and its outside width was 17.5 cm. Nest boxes had sloping wooden roofs and were opened from the top by a moving roof attached to the nest box by one large nail. Research for this study was carried out over one year (2012); nestlings were noted in 45 nest boxes of Great Tits and in 35 nest boxes occupied by Eurasian Blue Tits.
Field protocol
This study is based only on the first broods of Great Tits and Eurasian Blue Tits. Nest boxes were checked once a week in April, and then every few days in May. I noted nest contents to determine first-egg dates (based on the assumption that tits produce one egg per day), dates when the eggs were incubated and final numbers of eggs in the nests. Then, nest boxes were visited around the predicted hatching date, i.e. ca two weeks after the egg laying period. The hatching date (1 May = day 1) was the start date for the following procedures in each nest. At three days post-hatch, adult birds were trapped with ornithological nets left close to their nest box inlet. Both parents were measured, weighed and ringed for further identification. Sexes were determined using colour of feathers (in Eurasian Blue Tits), biometric measurements and absence/presence of a brood patch (in both species).
Females were injected with 0.1 mL of sheep red blood cells (SRBC) antigen, prepared as a 2% suspension with phosphate buffer saline (PBS), or with plain PBS (control). The antigen SRBC causes an increase in humoral immune response (Deerenberg et al., 1997; Cichoń et al., 2001; Hawley et al., 2005) . Each substance was injected intraperitoneally with a hyperdermic needle, carefully in the abdomen of a bird, avoiding internal organs. The experimental data set consists of n=40 nests, which includes n=24 Great Tit nests (in n=12, females were injected with SRBC, in others with PBS) and n=16 Eurasian Blue Tit nests (in n=8 nests, females were immunised, others acted as controls). Nests with similar hatching dates were randomly assigned to the experimental groups, i.e. control or immunised. Pairs allocated to different treatments were balanced between older/younger oak-hornbeam and mixed forest patches and across hatching dates to avoid effects due to the disparity of timing of reproduction and environmental factors between experimental groups.
During the theoretical peak of the adult female humoral response at nine days post-hatching (Snoeijs et al., 2007) , parental feeding rate per constant unit of time (1 h) was quantified. On the day preceding observations (in the afternoon), a male from a particular pair was caught using an ornithological net in order to set a transponder -a small oblong device with an individual number (code) -to further check the presence of this individual bird inside his nest box, using a receiver (Biomark FS2001-ISO). The receiver recording the male's visits was placed on a nest box roof and hidden under branches. However, when the antenna was already prepared to work, a hidden researcher waited 15 min before checking parental feeding rates. These few minutes were needed to allow birds not to be interested in the receiver.
A transponder was glued to the feathers under the male's tail, parallel to his tail feathers. It did not disturb free movement of the bird, and only this arrangement could be detected by the antenna. The receiver reacted to the transponder, allowing it to record the exact number and time of the particular male visits. If it was not possible to capture the male using a net to set the transponder, the following morning, the author was waiting, hidden near the nest box, to catch the male inside of its nest box. When the bird was inside, the nest box hole was temporarily closed using a piece of cloth and the transponder could be glued after carefully removing the male from the nest box.
Eight days after hatching, just before the transponders were attached, in 36 nests both parents were re-caught and birds were re-identified (using numbers of rings). In the other four nests, adult birds were re-caught two days later, when measurements of chicks were performed. I took into account the fact that on the day of female immunisation, birds other than parents could also be captured in nets; a second check of their ring numbers helped to avoid this problem.
While recording the presence of the transponder by the antenna, I carried out observations using binoculars (Vortex Crossfire, 10×42), which gave additional information on parental feeding behaviour, helping to verify whether the birds came with or without food. Birds could sometimes block the nest box inlet or stay close, causing antenna reactions independent from feeding the chicks. Observations through binoculars allowed this to be taken into account. During the observation, I noted the presence of birds and if they came with food and gave it to the chicks. The situation was not taken into account when -in spite of the antenna response -the chicks were not fed. Caterpillars collected by tits were usually big and had bright colouration, so they were clearly visible through the binoculars.
Female feeding frequency was calculated by subtracting the number of the male's visits from the number of both parents' visits, counted while watching through binoculars. Females did not have transponders, because together with the procedure of antigen injection this could result in a significant decrease of their condition. The presence of a transponder could affect male feeding frequency, but this is unlikely to affect the results, because transponders were glued to the bird feathers in both experimental groups. Even if a reaction to the transponder was variable among different males, the sample size is enough to take into account potential variability in bird responses. Analyses connected with feeding rate were based on n=24 nests of Great Tits and n=16 nests of Eurasian Blue Tits (n=40 nests). The unit of feeding rate was the number of visits with food items per 1 h. Two days after testing parental feeding rate, I checked the number of chicks in each nest box. Nestlings were weighed using electronic scale MS 1000 (measurement accuracy: 0.2 g), and also their tarsus lengths were measured using calipers (to the nearest 0.02 mm).
The experiment complies with the current law of Poland and was carried out after obtaining permission from the local ethical committee in Kraków. The individual permit number for the study carried out by the author under her PhD studies at the Jagiellonian University was ZI/509/2009 awarded for the period from 9 March 2009 to 30 April 2013.
Statistics
To test for differences in parental feeding rates between experimental (SRBC immunisation) and control nests (PBS injection), a t-test for unpaired comparison was applied in JMP 8, separately for each species. Parental, maternal and paternal number of visits with food items per one hour were used as responses, while the treatment (PBS-1, SRBC-2) was defined as a grouping variable. To test for the effects of paternal and maternal feeding rates, immunisation of the female parent and nesting parameters on offspring mass and BCI in both researched species of birds, two general linear mixed models (GLMM) were applied in JMP 8. In the experimental design, data from individual nestlings were used as responses, but 'nest ID' was treated as a random effect. BCI in this case means residuals from a simple regression of mass on tarsus length. Nestling body mass and tarsus length were positively correlated in Great Tits (r=0.586; P<0.0001) and in Eurasian Blue Tits (r=0.400; P<0.0001). Distribution of BCI did not differ from a normally distributed population in Great Tits (W=0.991; P=0.182) and Eurasian Blue Tits (W=0.988; P=0.289). Distribution of the body mass of chicks also did not differ from normality in Great Tits (W=0.989; P=0.334) and Eurasian Blue Tits (W=0.991; P=0.579). Therefore, in each GLMM, distribution of the dependent variable was normal, link function was identity, and chosen estimation method was restricted maximum likelihood (REML). Number of nestlings used as an explanatory variable was noted 11 days after hatching. In GLMMs, 'treatment' (PBS-1, SRBC-2) and 'species' (Great Tit-1, Eurasian Blue Tit-2) were nominal factors, while numbers of paternal/maternal visits and number of chicks were continuous factors.
According to the pair-wise linear correlation calculated in JMP 8, number of maternal visits was positively correlated with paternal feeding rate in both species (r=0.456; df=1; P=0.008), and therefore interaction between them was taken into account as a factor in each model. However, this interaction was non-significant in both models, so it was removed and the models were refitted. To illustrate relationships between chicks' mass/ BCI with parental feeding rates on scatter plots, there were additionally counted pair-wise linear correlation coefficients (r) using JMP 8. Results were considered significant if P<0.05.
RESULTS
In the sample of 24 Great Tit nests, feeding rates differed between two experimental groups. Feeding rates were higher in the SRBC-injection group than those in the control in the case of parental, maternal and paternal feeding frequency (see Table 1 ). In the sample of 16 Eurasian Blue Tit nests, feeding rates of parents did not differ between the treatments (see Table 2 ).
Nestling BCI differed significantly between experimental treatments (see Table 3 ). In Great Tits, BCI was lower in control nests (mean [min., max. Table 4 ). In Great Tits, the mass of young birds was higher in control nests (16.4 [15.3, 17 .9, 0.26]) than after the immunisation of a female (15.1 [14.1, 16.1, 0.21]). In Eurasian Blue Tits, chicks from the control group were also slightly heavier (11.4 [11.1, 11.8, 0 .12]) than in pairs where the female was immunised (10.7 [10.4, 11.1, 0.09]).
The influence of paternal and maternal feeding rates on the nestling BCI and body mass varied significantly between two treatments and with species (see Tables 3 and 4 ). In the control nests of Great Tits, the chicks' BCI was positively correlated with paternal and maternal feeding rates, similarly offspring body mass was positively related to male feeding frequency ( Figure 1 ). In nests with the immune challenge of a female parent, relationships between nestling BCI and parental feeding rates were not significant, while body mass of chicks was positively correlated not only with the feeding rate of a male parent, but with maternal feeding rate ( Figure  1 ). In control nests of Eurasian Blue Tits, BCI of nestlings was positively correlated with paternal and maternal feeding rates, while relationships between chicks' body mass and parental provisioning were not significant (Figure 2 ). In pairs of Eurasian Blue Tits, where female parents were injected with SRBC, nestling BCI was negatively correlated with paternal feeding rate. Body mass of chicks was positively related with provisioning of a male parent, while impact of maternal feeding rate showed a similar trend, although did not reach significance (see Figure 2 ).
DISCUSSION
After the immune challenge with antigen SRBC of the female parents, chicks' BCI was higher than in nestlings from the control group in both species. At the same time, in the experimental nests, chicks were lighter than those in control nests in both Great Tits and Eurasian Blue Tits. The immune reaction of adult females probably caused physical discomfort and changed the provisioning of both parents in Great Tits, which was not found in Eurasian Blue Tits. In Great Tits, males and females significantly increased their feeding rates and provided more food items to their nestlings. Hypothesis 2 was confirmed only in Great Tits. In Eurasian Blue Tits, parents did not change their feeding frequency after the SRBC challenge, but this experimental treatment of the female parents influenced nestlings' BCI and body mass in a similar way to Great Tits. Hypothesis 3a of lowering chicks' BCI and mass after the immunisation of females successfully predicted the decrease in the chicks' mass, but not BCI. Research did not confirm hypothesis 3b. Despite similar changes in the chicks' BCI and mass in two bird species, this study confirmed hypothesis 4. The lack of behavioural change of adult Eurasian Blue Tits, in contrast to Great Tits, may be explained by their different reproductive strategies. As Great Tits potentially breed twice a year, during provisioning after the immunisation of a female parent, this species could make a greater allocation of resources in the first brood than Eurasian Blue Tits, which have a single breeding attempt per season and does not need to keep reserves for the second clutch. Results of this study are surprising, because I would rather expect lower provisioning in Great Tits. No increase in the parental feeding frequency in Eurasian Blue Tits suggests that birds of this species are less likely to engage in parental investment in their first brood, as they may have another partner at the same time.
It is worth emphasising the synergy in parental investment in both species, which was detected in Figure 1 Relationships between Great Tits' chick body condition index (BCI)/body mass and parental feeding rates in control nests (PBS: a-d) and in pairs with higher provisioning after the immune challenge of a female parent (SRBC: e-h).
Figure 2
Relationships between Eurasian Blue Tits' chick body condition index (BCI)/body mass and parental feeding rates in control nests (PBS: a-d) and in pairs after the immune challenge of a female parent (SRBC: e-h).
this study: males and females increased their feeding frequency or none of them changed their behaviour. Taking into account the fact that in Great Tits and Eurasian Blue Tits both parents take care of the offspring and respond similarly to manipulations (Hinde and Kilner, 2007; García-Navas and Sanz, 2010) , it is not surprising that the changed provisioning was related to both sexes. The immune challenge of the female did not cause the male's compensation, although it affected males' behaviour and investment in offspring. In both Great Tits and Eurasian Blue Tits, the frequency of male and female feeding was positively correlated with the chicks' BCI in the group without immunisation of the female parent, and the feeding frequency of Great Tit males was positively correlated with the body mass of young birds. In pairs where the immune system of a female parent was challenged, the BCI of chicks was not significantly dependent on the feeding frequency of parents in Great Tits, whereas in Eurasian Blue Tits such a trend was found for the female's frequency of feeding and young BCI, but in the case of males this correlation was negative (see Figure 2 ), which demonstrates his particular decrease in reproductive effort. Interestingly, in nests where females were injected with SRBC, feeding rates of males and females were positively correlated with the body mass of chicks in both species. This means increased parental investment in the mass of chicks, and yet their decreased weight compared to birds in the control nests suggests the need for a longer time to reach the same level as controls. Males and females of Great Tits and Eurasian Blue Tits, after immune challenge of a female parent, increased their investment in nestling mass, but not in BCI, suggesting that it is more important to achieve a certain size of offspring -necessary for the development of all systems and organs needed for survival -than of other indicators better related to condition, which can be developed later. Higher nestling BCI in experimental nests compared to the control also suggest stronger investment in the chicks' mass at first, because lower BCI means shorter tarsus length. Therefore, this study confirmed hypothesis 1.
The direct effect of injection of an adult female on a chicks' BCI and their body mass is one of the most valuable results in this paper. Immune responsiveness of parents is one of the key physiological traits affecting their reproductive effort and survival. It appeared that stimulated immune response of a female potentially affected survival of chicks. This result seems particularly interesting, as the same doses of antigen SRBC were used to inject females of Great Tits and Eurasian Blue Tits. The chosen dose of a substance was the same for both species, even though they differ in mass (Blue Tits are 10-13 g, while Great Tits are heavier, 14-20 g). The results of GLMM in this study confirmed that chicks of Great Tits have a lower mass than the offspring of Eurasian Blue Tits. Nevertheless, both species are referred to as small ones and thus the dose was not differentiated, similarly as in the case of medicines from vets for animals, where doses classify animals simply as small, medium and large, according to their body mass. An adjustment of the antigen dose for birds could complicate results, because in such cases, models could demonstrate differences between doses rather than influence the experimental treatment, which was not the point of this study.
Models were designed separately for two different responses -nestling body mass and their BCI -although the second of these indicators was also calculated based on mass. Nevertheless, it is worth separating aspects of body mass that are simply due to a structural size, from aspects that reflect other condition indicators (Green, 2001) . According to earlier articles, residuals -which were the basis to calculate BCI in my study -provide the cleanest way to separate the effects of condition from the effects of body size (Reist, 1985; Krebs and Singleton, 1993; Jakob et al., 1996) . Residual indices are actually poorly correlated with the relative size of fat stores and other direct measures of condition (Conway et al., 1994; Cavallini, 1996; Weatherhead and Brown, 1996) . Although the scaled mass is sometimes treated as an alternative to a residual index (Peig and Green, 2010) , other authors use residuals from a regression of body mass on some aspect of structural size or length as indices of condition, not size (Lindén et al., 1992; Civantos and Forsman, 2000; Merilä et al., 2001; LeGalliard et al., 2004; Cox et al., 2011) .
Empirically, mass is a better indicator of the relative size; mass and residuals are also not perfectly correlated and they generate slightly different results in the context of selection analysis (Cox and Calsbeek, 2014) . Residuals better predict survival in fledgling songbirds (Lindén et al., 1992; Kruuk et al., 2001; Merilä et al., 2001) . This fact seems to be confirmed in my analyses, where experimental immunisation of an adult Great Tit female decreased mass of nestlings, but also increased their BCI, suggesting parental investment in survival. It is also worth emphasising, that actually no mass/BCI indices are likely to have a strong relationship with direct measures of condition (Johnson et al., 1985; Spengler et al., 1995; Winstanley et al., 1998) , and therefore in this article I do not use terms 'condition' and 'body condition index' interchangeably.
In this study, females were injected with SRBC antigen, which causes an immune response. Nevertheless, it is difficult to answer the question how expensive is the reaction to this particular substance. Production of antibodies may be energetically or nutritionally cheap. In free-living wintering Great Tits (Ots et al., 2001 ) and captive Collared Doves Streptopelia decaocto (Eraud et al., 2005) , birds that showed stronger antibody responses to SRBC also lost more weight which indicates that the response to this antigen is costly for an organism and negatively affects its survival. On this basis, results of my research should be interpreted in such a way that adult females injected with SRBC suffered the cost of a stimulated immune response. Therefore, the Great Tit change in parental feeding frequency could be a way to compensate for that cost. On the other hand, Zebra
Finches Taeniopygia guttata subjected to food restriction produced more antibodies in a response to SRBC than control birds, which suggests a stronger response to this antigen under stress (Birkhead et al., 1998) . It is known that birds can react to physiological stress e.g. by increasing foraging effort (Barbosa and Moreno, 2004; Coon et al., 2011) . In Starlings Sturnus vulgaris, food intake increased with a reduced availability of food (Wiersma et al., 2005) . However, it has been also found that increased feeding rate does not necessarily imply an increase in effective food provisioning, because it could also mean that collected food is qualitatively poorer (Wright et al., 1998; Sanz et al., 2000) . Stimulated adults may simply feed their offspring less selectively, as is the case in Great Tits with clipped feathers, which initiated searching for food in the immediate surroundings of their nest, resulting in poorer quality food (Wegmann et al., 2015) .
Summarising, the female immune challenge with antigen SRBC increased provisioning of both parents in Great Tits, but not in Eurasian Blue Tits, where none of the sexes changed their feeding rate. The lack of behavioural change of adult Eurasian Blue Tits, contrasting to Great Tits, may be explained by different reproductive strategies in these two bird species. This study indicates that the behaviour of an adult bird complements the behaviour and thus also reproductive effort of its partner. Parental provisioning influences mass and BCI of offspring. In both species, chicks' BCI was higher, while their mass was lower in nests with experimental treatment, when compared with those without immunisation. This means that high providers, such as Great Tits with increased feeding rates, do not always raise chicks with high fledgling mass. This research has shown that parental provisioning is one of the factors linking reproduction and immunity. Immune responsiveness of parents is one of the key physiological traits affecting their reproductive effort and survival.
ACKNOWLEDGEMENTS
The author kindly thanks Dr Hab Tadeusz Zając from whom the receiver and transponders were borrowed from in order to check the feeding rates of birds, and the Myślenice superintendence and the mayor of Wieliczka (managers of Krzyszkowice Forest) who gave permission to create a new nest-box area.
Published online: 20 December 2017
